In this issue of the Journal, Güell and colleagues (pp. 622-629) have shown in a multicenter randomized controlled trial involving 143 patients with moderate to severe COPD (6) that a 3-year maintenance intervention after an initial 8-week outpatient PR program led to better maintenance of 6-minute-walk distance (6MWD) and Body mass index, airflow Obstruction, Dyspnea score and Exercise capacity (BODE) scores (7) over the course of 24 months compared with a control group. This trial is powerful, as it demonstrates benefits of a maintenance strategy and has the longest follow-up period of any published randomized trial of post-PR maintenance. It is also noteworthy, as the sustained improvements in BODE scores over time raise the possibility that maintenance interventions could improve patient survival (7) . Sustained participation in regular exercise and maintenance of exercise capacity could also potentially have disease-modifying effects for individuals with COPD if they led to sustained increases in physical activity and/or reductions in exacerbations or hospitalizations (8) . Importantly, the 66% patient adherence to the maintenance intervention in this trial at 3 years demonstrates the potential of maintenance programs to encourage patients to maintain benefits initially achieved. We therefore applaud the investigators for conducting this trial. It demonstrates the feasibility of achieving at least some sustained benefits after a short-term PR intervention, and in turn supports the recommendation of PR experts that home-based exercise in combination with hospital-based sessions should continue after PR completion. Indeed, irrespective of clinical trials, many patients want long-term access to maintenance PR, including access to exercise equipment (9) . We hope that the findings of this trial will help garner support for more sustainable funding for PR programs to enable implementation of maintenance programs (10, 11) . There are, however, several issues worthy of comment and consideration.
First, the maintenance intervention undertaken by Güell and colleagues required provision of cycle ergometers in the home for the intervention group (6). This is not feasible in all health systems beyond the research setting. Moreover, the patients in the intervention group attended supervised exercise sessions every other week at the hospital, which may not be feasible for some patients, particularly in some geographic settings. Importantly, the maintenance intervention in this trial focused primarily on exercise training. Other aspects of a comprehensive long-term rehabilitation intervention such as interactions by an occupational therapist, nutritionist, or health psychologist were lacking during the follow-up period.
Second, despite a 3-year long maintenance program, benefits in BODE score and 6MWD were sustained only at 24 months. No gains made in the initial PR program were sustained at 3 years. The reasons for this are unclear. It could perhaps relate to the substantial drop-out rate from the study over time (.50%). The dropouts related to COPD exacerbations and hospitalizations, medical comorbidities, and other issues, some of which may not be readily preventable. A sole focus of the maintenance intervention on exercise training and progression of lung disease over time could have also influenced the lack of benefits at 3 years.
Third, it is not clear why the maintenance intervention was not associated with any significant gains in health-related quality of life (HRQOL). Patients may have experienced health issues that could have minimized HRQOL gains. Might patients have found participation in the maintenance program to be burdensome, with subsequent adverse effects on HRQOL? Patients' perceptions regarding participation in long-term maintenance PR merit further study. Fatigue, performance of activities of daily living, anxiety, and depression are also important outcomes to investigate after maintenance PR.
Fourth, patients' baseline medical comorbidities and physical activity levels were not formally assessed by Güell and colleagues (6) , and few of the study patients required supplemental oxygen therapy. Therefore, it is unclear whether the findings of this study are generalizable to patients with more severe lung disease with multiple comorbidities and/or requirement for long-term oxygen therapy. Such patients may require a more multifaceted, multidisciplinary form of long-term support. One cannot assuredly extrapolate the benefits of a maintenance PR program in one setting to other patient groups.
Maintaining the benefits of PR over time is indeed a mighty task. One cannot necessarily expect the effects of a single short-term intervention such as PR to have long-lasting effects. Several barriers contribute to poor patient uptake and completion of PR (12) (13) (14) . Likewise, factors such as lack of transportation, disruption of daily routine, presence or absence of family support, content and duration of the initial and maintenance program, magnitude of benefits gained from participation in and adherence to the initial PR program, disease severity, exacerbations, medical comorbidities, physical inactivity, patient motivation, and psychosocial, cultural, and geographical issues all have the potential to affect the success of post-PR maintenance programs. It is unclear whether, and to what extent, the variability of response to maintenance interventions shown in clinical trials relates to these issues. As highlighted by Güell and colleagues (6), participation in and adherence to maintenance PR is challenging, particularly for those with severely impaired exercise tolerance, dyspnea, and/or medical comorbidities that disrupt program continuity. Efforts should be made to understand and overcome patient barriers to participation and adherence.
Importantly, as well, there is substantial variability in the magnitude of individuals' responses to PR. No study to date has conclusively demonstrated specific factors that can accurately predict which patients will, vs. will not, achieve gains in PR to guide patient candidacy. In keeping with this, the magnitude of gains in 6MWD among the participants in the trial by Güell and colleagues (6) was widely variable both after the initial PR intervention and during the maintenance program. Indeed, patients have differential responses to PR with regard to varying outcomes (15) .
Individuals who participate enthusiastically, achieve substantial benefits from PR, and see an effect in their daily lives may be more likely to maintain exercise over time and do particularly well with maintenance programs. Others are more reluctant and/or may respond less well to PR to begin with, and face barriers to initial PR participation, not to mention participation in and adherence to maintenance rehabilitation. Skilled, dedicated healthcare professionals play a major role in fostering a complex health behavior change process in PR for such patients (16) . Maintenance of PR benefits over time likely does depend on whether patients achieve health-enhancing behavior change to undertake regular exercise and/or increase their daily physical activity levels and achieve enhanced self-efficacy to cope with and manage their condition. Despite its likely importance, the ability of maintenance PR programs to foster health-enhancing behavior change, and the role of behavior change per se in sustaining long-term gains after PR remains unknown. Maintenance programs with exercise training as the sole intervention may be insufficient to change patients' longterm daily activity levels or self-efficacy for managing their disease.
There is a pressing need to better understand and address the basis of patients' differential responses to PR to understand what maintenance intervention or interventions are likely to work best. Given the complexity of factors involved, it is likely that "one size does not fit all" in regard to maintenance PR. At this time, there is no convincing evidence that supports the use of one maintenance strategy over others. We must be cautious not to reach broad sweeping conclusions about the efficacy of maintenance PR based on data that are still somewhat limited. Varying strategies will likely be needed for individuals with varying needs and circumstances; this may include center-based rehabilitation for some and telehealthsupported home-based rehabilitation for others (17) , and novel, asyet undeveloped strategies may emerge. Rather than aiming toward implementation of any particular "standard form" of maintenance that may have varying benefits in different patient groups and healthcare systems, resources for maintenance PR might be better used by providing individually targeted (18) and/or repeat interventions over time (19) . Maintenance PR that varies over time by targeting specific events or issues such as worsened functional disability and/or decline in physical activity level, episodes of anxiety, depression, worsening frailty, cachexia, nutritional disturbances, exacerbations, or other medical or psychosocial complications is likely optimal. A shift to this highly individualized form of PR maintenance that would vary over the course of the patient's lifetime would require a health system paradigm shift. It would require close longitudinal follow-up of individual patients across the trajectory of illness by healthcare professionals who could note and intervene in specific issues as they arise. This is not currently readily available in most healthcare systems (20) , but may be more beneficial, at least for some patients, than a predesignated set period of continuous maintenance PR after an initial PR program at a single point in time. Engaging patients in the discussion is of key importance. n
